Background and Aims: Hop stunt viroid (HSVd, genus Hostuviroid, family Pospiviroidae) has a wide host range among trees and herbaceous plants. The objectives of this study were to compare biological and physical characteristics of three isolates of HSVd from mulberry, fig and citrus and search for other hosts of this viroid in Iran. Materials and Methods: Plant samples were collected from Yazd, Isfahan, Fars and Tehran provinces and examined for their possible infection by hop stunt viroid (HSVd) using reverse transcription-polymerase chain reaction (RT-PCR). The experimental host range of the viroid was determined by injection of infected sap into greenhouse grown seedlings and subsequent assay of inoculated plants by RT-PCR. Fig, mulberry and citrus isolates of the viroid were compared with respect to host range and molecular characteristics. Nucleic acids were isolated from plant tissues by CTAB method and subjected to RT-PCR using HSVd specific primers. The PCR products were sequenced and the most stable secondary structures for the three mentioned isolates were predicted and compared. Results: Among 120 samples collected from different regions and hosts, 13 samples from mulberry, fig, apple , quince, apricot, peach and citrus were infected by HSVd. The mulberry samples showed vein clearing and leaf deformation symptoms while usually no specific symptoms were observed in the fig samples. Apple, quince, apricot, peach and citrus samples were also symptomless hosts. In greenhouse tests, mulberry isolate induced more severe symptoms. Comparison of primary and secondary structures of the viroid isolates showed a closer similarity between the fig and mulberry isolates while the latter were less similar to citrus isolate. Conclusions: Sequence variation and structural differences were observed amon the isolates studied. Most differences of these isolates were in the pathogenicity, variable and terminal right regions which may determine the type andseverity of symptoms. Many trees are infected without showing apparent symptoms.
Introduction
autonomously in host plants and may cause diseases or latent infections (2) . Hop stunt viroid (HSVd, genus Hostuviroid, family Pospiviroidae) has a wide host range, infecting herbaceous crops and many fruit tree species (Hadidi et al., 2003) . In most hosts, including grapevine (3, 4) and apricot (5) , HSVd infection appears to be latent. In other cases, HSVd infection has been associated with specific disorders such as hop stunt (3) , dapple fruit of plum and peach (6) and citrus cachexia (7, 8) .Overall, sequence homologies (3) and phylogenetic analyses (9) indicate that HSVd isolates can be separated into three major groups and two sub-groups which are apparently resulted from recombination between members of the major groups (10) .The major groups were named plum-type (peach, plum and grapevine isolates), hop-type (hop, grapevine, peach and pear isolates) and citrus-type (citrus and cucumber isolates). In Iran, HSVd has been isolated from a number of crop plants including citrus, fig and mulberry (11, 12, 13) . The purpose of this study was to compare biological and molecular features of these isolates and to explore possible infection of other plants by HSVd.
Methods
Sampling. In summer of 2013, 120 plant samples were collected in Fars (Estahban, Kazeroun, Sepidan and Shiraz), Yazd (Figs. 2, 3, 4) showed that HSVd-F3 and HSVd-Bor genomes are closely similar especially in terminal left (TL) and central conserved regions (CCR). The differences between these two isolates were mainly related to the pathogenicity (P) and terminal right (TR) regions. HSVd-F3 and HSVd-Bor were different from HSVd-F2 in all regions. Differences in primary structure between these isolates resulted in considerable changes in their predicted secondary structures (Figs. 2, 3,  4) including the shape, size and number of inner loops and also in free energy of structure formation (∆G) (Table2), so that the HSVdBor isolate had the lowest while the HSVd-F2 had the highest free energy of structure formation. Furthermore, there are two fewer loops in the HSVd-Bor isolate. On this basis, citrus isolate appears to have the most stable structure. Terminal left region of HSVd genome consists of nucleotides 1-30 in upper strand and 280-305 nucleotides in lower strand (15with minor variation in different isolates (16) . The same was true with the three Iranian HSVd isolates analyzed in this study. They all had three loops in this region (Fig. 2) . HSVd-Bor and HSVd-F3 showed 100% homology in sequence and secondary structure of this region while C25T and A26G changes and A27 deletion were found in HSVd-F2 (Fig. 2) . The P region contains nucleotides 31-60 in the upper strand and 242-278 in the lower strand (15) . Molecular comparison of P region in these three isolates (Fig. 2) showed that nucleotide 45 is T in HSVd-Bor and A in HSVd-F3 isolates while T45, C46 and G60 were absent in the genome of HSVd-F2 (Fig. 2) . More differences between these three isolates in P region were related to the lower strand, resulting in variation in the number, shape and size of inner loops (Fig 2) . Central conserved region (CCR) contains nucleotides 61-105 in the upper strand and 198-241 in the lower strand (15) . The three isolates showed a high rate of homology in the upper strand of CCR (Fig. 3) . But the lower strand of this region in HSVd-F2 was quite different from the other isolates affecting the size and shape of the inner loops. Variable (V) region contains nucleotides 106-125 in the upper strand and nucleotides 179-197 in the lower strand (15) . Molecular comparison of this region (Fig. 3) showed that A110 in HSVd-F3 genome and A118 in HSVd-Bor and HSVd-F2 genome are deleted and T117A in HSVd-F2 is changed. The TR region comprises nucleotides 126-151 in the upper strand and 152-178 in the lower strand (15) . Multiple alignment of HSVd-F2, HSVd-Bor and HSVd-F3 genomes (Fig. 4) showed that most differences were located on the upper strand. There were the same numbers of loops although different in size and shape. 
Discussion
Among viroids, HSVd seems to have the widest natural host range (17) . Most variants of this viroid induce no discernable symptoms in the infected plants but some are associated with distinct diseases such as citrus cachexia, hop stunt and mulberry vein clearing (3, 6, 7, 11, 18 ) . Differences in the biological characteristics of viroids are due to differences in their nucleotide composition and secondary structure (15, 16, 19, 20, 21, 22, 23, 24, 25, 26 ) . In the present study three isolates of HSVd were compared for their host range, symptomology, nucleotide sequence and secondary structure. HSVd-Bor isolate from mulberry exhibited the most severe symptoms. This maybe due to lower free energy of structure formation and lower temperature of denaturation (21) which may result in increased replication rate and consequently more severe symptoms in herbaceous plants. However, similar stability in the terminal left region of mulberry, citrus and fig isolates showed that possible increase in replication rate of HSVd-Bor isolate in host plants is not determined by this region. The main differences between the genome of these three isolates were observed in the P region which is responsible for controlling pathogenicity and symptom severity (27) . P domain also interacts with TL domain in replication (27, 28, 29) . The nucleotides 35 to 46 on the upper strand and 264 to 272 on the lower strand have been regarded as the pathogenicity modulating (PM) region while nucleotides 30 to 46 on the upper strand and 264 to 280 on the lower strand have been regarded as the virulence modulating (VM) region (23, 30) . Multiple alignment of the genome in this region indicated that HSVdBor and HSVd-F3 isolates have 100% homology while nucleotides 45 and 46 of HSVd-F2 isolate in PM and VM regions were absent. It has been assumed that pathogenicity is regulated by nucleotides within VM region (23) . Thus deletion of nucleotides 45 and 46 in HSVd-F2 in this region may explain lower symptom severity of this isolate on greenhouse plants. Not many changes were observed in the CCR of these isolates. The only differences were related to the lower strand of HSVd-F2. HPI on upper strand in this region is a highly conserved structure in Pospiviroidae and mediates cleavage and ligation of viroid concatomer. HPI consists of a tetra loop core and a highly conserved 3bp stem. Creation of mutation in conserved stem of HPI in PSTVd abolished the infectivity (22) . Also mutation in tetra loop bases in PSTVd affected cleavage of concatomer compared to the wild type (22) . Decrease in replication rate in HSVd-F2 with changes in lower CCR may be due to malfunction in viroid processing. According to the genomic map of viroid RNA motifs critical for replication and systemic trafficking described by Zhong et al. (22) HPI plays a role in viroid trafficking. The three isolates were completely similar in this region. This could explain why they all caused systemic infection in greenhouse plants. In the V region of the genome, some differences were observed between these three isolates. The most remarkable difference was in G124, which is located on the last loop in the V region. Mutation in the last loop in the V domain of PSTVd reduced replication but the mutation was reverted to wild type showing the importance of this loop in biology of the viroid, although the exact function of this loop is not clear (22) . Nucleotide change G124A was found in this loop of V domain in the HSVd-Bor genome. Therefore, given the importance of this loop in the viroid replication process, increasing the severity of symptoms of HSVd-Bor may be related to this change. Differences in the TR region have appeared in the form of substitutions and deletions. Structural determinants of systemic movment of the viroid are supposed to be in the TR domain (22, 30) . All of these three isolates had systemic infection in host plants, so these differences did not affect systemic movment. In this study we found that HSVd-Bor isolate had a broader host range and more severe symptoms than the other two isolates. In PSTVd, severity of symptoms and symptom type are highly dependent on the concentration of the viroid generated siRNA in the tissues. Severe strains of PSTVd induced more siRNA than conventional strains (32, 33) . Thus increase or decrease in symptom severity of different HSVd isolates may be the result of differing abilities of the isolates in siRNA production. It would be of interest to study siRNA content of biologically different HSVd isolates. Pathogenicity is a complex aspect of viroid biology. It seems that the disease is the result of interactions of different viroid domains as well as interaction of the latter with host factors (34) . The role of RdR6 as a host factor in symptom development of PSTVd has been demonstrated (34) . So this factor may also be determinative in the infectivity of HSVd isolates in host plant . The present study points to the significance of various nucleotides and motifs in the infectivity of HSVd isolates. However, mutational analysis is needed to establish their functional roles in the biology of the viroid. Also in this study apple, quince, apricot and peach were shown to be infected by HSVd for the first one in Iran. The significance of this finding needs further investigation.
